Soil water retention curves were measured using a sandbox and the pressure plate extractor method on undisturbed soil samples from the Borská Lowland. The basic soil properties (e.g. soil texture, dry bulk density) of the samples were determined. The soil water retention curve was described using the van Genuchten model (Van Genuchten, 1980) . The parameters of the model were obtained using the RETC program (Van Genuchten et al., 1991) . For the determination of the soil water retention curve parameters, two pedotransfer functions (PTF) were also used that were derived for this area by Skalová (2003) and the Rosetta computer program (Schaap et al., 2001). The performance of the PTFs was characterized using the mean difference and root mean square error.
INTRODUCTION
The retention characteristics and hydraulic conductivity of soil are some of the key parameters in the modelling of a soil water regime (Rehák et al., 2006) . Since the determination of the points of a moisture retention curve under laboratory conditions consume a lot of time and money, quite a few works by both domestic authors (Štekauerová et al., 2002 (Štekauerová et al., , Skalová, 2001 (Štekauerová et al., , Šútor et al., 2001 (Štekauerová et al., , Šútor et Štekauerová, 1999 and foreign authors (Arya et Paris, 1981 , Cosby et al., 1984 , Saxton et al., 1986 , Vereecken et al., 1989 , Wösten, 1995 , 1997 , Rawls et al., 1991 , Cornelis et al., 2001 , Rajkai et al., 2004 , Ghanbarian-Alavijeh et al., 2010 deal with the indirect determination of the points of a moisture retention curve with the help of a so-called empirical course, which uses regression analysis (known as pedotransfer functions) (Bouma et Van Lanen, 1987) . This methodical course is based on the expected dependence of the water content in soils on such soil characteristics as soil texture, bulk density and organic matter content (Brooks et Corey, 1964 , Gupta et Larson, 1979 . The results of the pedotransfer functions are then the points or parameters of a moisture retention curve and eventually saturated or unsaturated hydraulic conductivity.
For the determination of the PTF for soils in the Záhorská Lowland (Skalová, 2001) , multiple linear regression was used. Using the PTF, the soil water content with moisture potentials of h w = -2.5 cm, -56, -209, -558, -976, -3060 , and -15300 cm can be calculated. If granularity categories according to the USDA are used, the linear regression is as follows (Skalová, 2003) : (1) where θ hw is the volumetric moisture content [cm 3 .cm
-3 ] at a certain value of the moisture potential h w [cm] ; clay, silt and sand provide the content [%] of the particular granularity categories according to the USDA; ρ d is the dry bulk density [g.cm -3 ]; and a, b, c, d and e are the regional parameters determined with the help of a regression analysis.
In order to determine the hydraulic parameters of soil with the help of pedotransfer functions, the Rosetta software (Schaap et al., 2001) was developed. Rosetta is the computer algorithm used for the determination of the water retention parameters of soil according to van Genuchten's model (1980) . It uses 5 PTFs, which are distinguished according to the demands of the input data. Databases of soils in moderate up to subtropical climate zones of North America and Europe were used to determine those PTFs, so that the model could be applied in practice as much as possible (Schaap et al., 2001 ).
The use of specific PTFs is determined by the regionally specific properties of soil and the climatic conditions of the areas where given the soils originate. In the case of soils developed under different conditions from the soils on the basis of which the PTFs were created, the reliability of the estimation of the parameters can significantly decline (Wösten et al., 2001) .
The objective of this study is to evaluate the applicability of selected PTFs on the soils of the Borská Lowland by comparing the results with the measured values.
MATERIAL AND METHODS
The analysed soils are located in the territory of the Borská Lowland. Twenty undisturbed soil samples in Kopecký cylinders (100 cm 3 ) were taken from different depths of the soil profile (0 -100 cm). Their granularity (the pipetting method according to Novák) and reduced bulk density (after drying at 105°C) were determined. The samples were divided into groups based on the granularity classes according to the USDA (Soil Survey Manual) as follows: clay (< 0.002 mm), silt (0.002 -0.05 mm), and sand (0.05 -2 mm) (Tab. 1).
With the help of the negative pressure method with a sand tank and the overpressure method with ceramic disks, the dewatering branch of the moisture retention curve (MRC) was determined. Points of pF: 0; 0.5; 1; 1.5; 2; 2.5; 3; 3.5; 3.9; 4 and 18 were measured (Tab. 2).
Based on the measured points of the MRC and with the help of the RETC software (Van Genuchten et al., 1991) , the parameters of the van Genuchten model (1980) (1) for the analytic calculation of the MRC were determined:
where θ is the actual volumetric soil moisture (cm 3 .cm -3 ); θ s is the saturated moisture (cm 3 .cm -3 ); θ r is the residual moisture (cm 3 .cm -3 ); α is the inverse air entry value; h is the moisture potential of the soil (cm); and n and m are the empirical shape parameters.
In Table 3 the parameters of the PTF at the defined values of the moisture potential (Skalová, 2003) are presented. The PTF was used for the determination of the soil moisture contents according to the dry bulk density and percentage content of the granularity categories (USDA) of the soils. Based on the PTF results, the parameters of the van Genuchten model (1) were determined using the RETC software.
To estimate the parameters of the moisture retention curve (MRC) according to van Genuchten, the Rosetta model (Schaap et al., 2001) was also used; it uses the included PTFs, which are divided according to the demands of the input data. In this paper the level with the following inputs was used: the percentage content of the granularity 0.5; 1; 1.5; 2; 2.5; 3; 3.5; 3.9; 4 and 18. 
Tab. 3 Regression coefficients of PTFs for the calculation of soil
moisture content at given moisture potentials h w (Skalová, 2003) . categories according to the USDA and the reduced bulk density for the calculation of the model parameters According to the parameters of the van Genuchten model, which were estimated with the help of the particular PTFs, the course of the retention curves was determined. The tightness of the course of the curves measured and calculated with the help of the PTFs was evaluated according to the values of the mean difference (MD) and the root of the mean squared difference (RMSD), which are commonly used for the evaluation of the accuracy and reliability of PTFs (Wösten et al., 2001 ).
RESULTS AND DISCUSSION
The course of the selected moisture retention curves measured and derived by the PTFs is shown in Figs. 1 and 2 . The values of the mean differences (MD) and the root of the mean squared differences (RMSD) characterise the difference in the course of the MRC measured and calculated according to the PTF. The coefficient of determination (R 2 ) compares the measured and calculated (PTF) values of the moisture at the defined potentials. The results for the set of analysed samples are presented in Table 4 . The values of the mean differences (MD) may be positive or negative depending on whether the values of the moisture calculated with the help of the PTF are higher or lower than the measured values of the moisture. The RMSD values are always positive; the best compliance of the measured MRC and the MRC calculated according to PTF is when the RMSD is zero.
The average values of the mean differences (MD) and the root of the mean squared differences (RMSD) presented in various works (Tietje et Tapkenhinrichs 1993 , Skalová, 2001 , Wösten et al., 2001 are in good compliance with the results presented. Tietje et Tapkenhinrichs (1993) present an overview of the results of the evaluation of PTFs by different authors (Tab. 5).
The high values of the correlation coefficients (R 2 ) show the high degree of tightness of the relation between the moistures measured and calculated with the help of the PTF (Tab. 4). The differences between the courses of the MRC measured in the laboratory and calculated with the help of the PTF were also small, and those differences correspond to the results of the authors in Table 5 . On average, a little better degree of compliance is obtained by the PTFs created by Skalová. The reason might be the regional relatedness of the evaluated set of soils with the soils used in the creation of the PTFs. Vol. 23, 2015, No. 3, 33 -36 such basic soil properties as granularity, bulk density, content of humus, etc. The pedotransfer functions that were evaluated in this paper showed a good degree of applicability to the modelling points and courses of the moisture retention curves for the set of soil samples from the region of the Borská Lowland.
CONCLUSION
Pedotransfer functions make the experimental direct determination of the hydraulic characteristics of a soil (which is time and money consuming) simpler. With the help of the proper mathematical model, the hydraulic characteristics of soils can be determined from
